Introduction Registering a child as visually impaired is a potentially traumatic, but necessary, milestone in paediatric ophthalmology. Registration enables the provision of services essential to maximise the child's potential. Purpose This study was carried out to investigate the changes over a 10-year period in the rates of registration of childhood blindness at a tertiary paediatric ophthalmology department. Particular attention was given to diagnosis, whether the disease was preventable, time to registration, age at registration, and the socioeconomic status of the patient's family. Methods A retrospective analysis of all children registered blind or partially sighted over a 10-year period until December 2006. Results A total of 256 children were registered blind or partially sighted over the 10 years. All cases were analysed. Of these, 58.2% were male and the average age at registration was 76 months; 52.0% were registered as severely sight-impaired. The most common primary diagnosis was cerebral visual impairment (CVI) in 27% cases, followed by optic atrophy in 16%, and the commonest anatomical site involved was the retina in 30.9%. An average of 25.6 (SD 8.0) registrations were carried out each year. The number of registrations per year is increasing. Seven cases (2.7%) were deemed avoidable and 61 cases (23.8%) were deemed potentially treatable. The mean index of multiple deprivation (IMD) score for the English cases (45.1) was significantly higher than of the surrounding area (Po0.0001) Conclusions The yearly rates of registration increased slowly over the 10 years. The most common underlying cause for registration remains CVI, with the yearly proportion of registrations because of CVI not altering. The average age of registration was 6.3 years. A significant proportion of the cases of visual
Introduction
In 1992, the World Health Organization (WHO) estimated that nearly 1.5 million children in the world were blind or severely sight-impaired, with less than 5% of them being outside Africa, Asia, and Latin America. 1 In the UK, nearly 6 children per 10 000 live births will be diagnosed as being severely sight-impaired by their sixteenth birthday. 2 In the developed world, cerebral visual impairment (CVI) is the leading cause of vision loss in children; [2] [3] [4] [5] however, the situation in the developing world is very different. The leading causes there, which are mainly avoidable by western standards, are: corneal scarring, cataract formation, and vitamin A deficiency. [6] [7] [8] [9] The VISION2020 target for severe visual-loss in children is to reduce the global incidence from 0.75 to 0.4 per 1000 children by 2020, mainly by addressing these avoidable causes. 10, 11 Is avoidable vision loss a problem in the United Kingdom?
As residents of the UK, we are more fortunate than those in the developing world in that if vision loss occurs, help is provided. From the appointment of 'The Royal Commission on the Blind, the Deaf, and Dumb' in 1886 to the introduction of the Certificate of Vision Impairment in 2005, formal recognition of sight impairment has been encouraged in the UK and has been used as an entry for any social service provisions available. A pilot paediatric form was introduced in 2007 (paediatric CVI extended version) by the Royal College of Ophthalmologists, allowing easier and more precise classification of paediatric eye disease, hopefully allowing international comparison of data.
Registering a child as being sight impaired is potentially a traumatic event in ophthalmic clinical practice, often causing further anxiety in families in which there may be serious concurrent medical problems. However, it is a fundamental part of the treatment of these children, allowing them access to services that will help them fulfil their ultimate potential both in and out of school. When counselled correctly, this step can be the most helpful aspect provided by ophthalmologists in the care of these children.
Registration is a voluntary step, and lack of registration does not bar the child from accessing services, just makes it more difficult. The voluntary nature of registration means that data derived from any studies are open to bias and can be incomplete. Specifically, when measuring rates from across different departments, the differing attitudes to timing and suitability of registration can lead to selection bias. Apart from the methods used by the British Childhood Visual Impairment Study Group (BCVISG), 2 all studies relating to the incidence of visual loss are open to selection bias, whether because of a selected group of patients in a 'school for the blind', consultant interpretation of specific conditions, or patient unwillingness to be registered.
The aim of this study was to investigate the 10-year picture of visual impairment registration of children at our institutionFa tertiary referral centre for paediatric ophthalmology in Merseyside. We report the epidemiology of these patients in addition to their clinical picture and investigate whether our patients differ from studies published earlier. We also report whether visual loss was potentially modifiable.
Materials and methods
We report the rates of sight impairment registration over a 10-year period, from 1997 to 2006, from the tertiary referral centre for paediatric ophthalmology at Alder Hey Children's NHS Foundation Trust. UNICEF defines a child as an individual aged less than 16 years; hence, although we deal with adolescents above this age, this definition was adopted. WHO defines blindness/severe sight impairment as best-corrected visual acuity in the better eye of less than 6/60; however, we included the presence of visual field defect (in older children) in the registration process.
We performed a retrospective review of all children who had been registered as severely sight impaired/ sight impaired from January 1997 to December 2006.
All patients were identified from internal databases and correspondence. Once a child had been registered, their details were entered into a departmental computer and copies of the registration documents were kept separately, meaning two systems were in place to ensure that all patients who had been registered were identified. All case notes were analysed, and in the minority of cases in which the notes could not be found, typed clinic letters were retrieved to investigate the patient's history.
We believe our study minimises bias as much as possible as; (1) all patients/families are intensively counselled over registration when required, and, in our experience, very rarely refuse registration; (2) consultant staff has been relatively stable over the period and all concerned are keen on the step being taken; (3) consultant input into every child's care means that all eligible patients are identified.
Once the patients had been identified, data were collected with respect to age at registration, time to registration, ethnic group (according to the Office of National Statistics' taxonomy), sex, socioeconomic group according to registered address at time of registration, diagnosis, and visual acuity/behaviour. Statistics are generally descriptive with Welch's t-test being used to compare the index of multiple deprivation (IMD) scores.
We recorded all diagnoses, but only report the primary diagnosis causing visual failure and classify it according the new guidelines issued by the Royal College of Ophthalmologists for paediatric patients (October 2007). In those cases of CVI or optic atrophy being listed as the cause of visual impairment, the underlying diagnosis is also reported.
Socioeconomic status was assigned using the patient's postcode at time of registration and the IMD 2004 for the English postcodes and the Welsh IMD 2005 for the Welsh postcodes. The two indices (IMD and WIMD) cannot be directly correlated with each other as there are no indices combining English and Welsh scores. The distribution of deprivation scores for the English children was compared with the deprivation score for the children of the North West of England as a whole and that of the Welsh children were compared with that of Wales as a whole.
The diagnosis was assigned depending on whether the underlying condition was modifiable, a phrase that can include both preventable and treatable causes. We adopted the methods used in the British Ophthalmological Surveillance Unit (BOSU) study allowing meaningful comparison, so that each case was documented as being (1) entirely unavoidable/ untreatable, (2) entirely preventable, or (3) the condition being potentially treatable.
In those cases of perinatal ischaemia and autodominant disease, arguments could be made as to whether these are modifiable or not. Perfect antenatal care may prevent perinatal ischaemia and brain cooling, 12 or allopurinol 13 may treat it, whereas genetic counselling may prevent genetic disease. We made the decision to classify these conditions as unavoidable and untreatable to avoid deep ethical discussion. In some cases, the treatment of the primary conditionFfor example, optic chiasm gliomaFmay have led to visual loss; these were still classified as treatable. Ethics Committee approval for the study was sought but deemed not to be necessary.
Results
During the 10 years from 1997 to 2006, 276 patients were registered as blind or sight impaired. Twenty of these cases were in adolescents aged over 16 and they have been excluded, leaving 256 children eligible (Table 1) . One hundred and forty-nine cases were male (58.2%), 241 were white (94.1%), and the average age at registration was 76 months. Of the total, 133 (52.0%) were registered as being blind/severely sight impaired. There were 14 cases of siblings being registered in the 10 years.
A minority of case notes were not available for analysis and in these cases typed and stored clinic letters gave the required information. The primary diagnoses are listed in Table 2 . Cerebral visual impairment (CVI) was the most common primary diagnosis with 69 (27.0%) cases affected by it. Optic atrophy (OA) was the second most common diagnosis with 41 cases (16.0%). Hence, combined CVI/OA accounted for 110 cases (43.0%) and Table 3 shows the underlying diagnoses for all cases of CVI and OA. The most common anatomical site for pathology causing visual impairment is the retina, 79 cases (30.9%), closely followed by visual pathways and cortex, 78 cases (30.5%). The rates of registration according to the anatomical site are shown in Figure 1 .
We report an average of 25.6 registrations per year (SD 8.0); however, over the 10 years there is a gradual increase in the numbers registered per year (Figure 2 ) with the proportion of cases because of CVI/OA remaining relatively stable at 44.6% of registrations per year (SD 11%).
Visual acuity was measured in various ways over the period and, hence, is difficult to quantify together. Of the total, 121 cases had visual acuity equivalent to 6/60 or less, with 10 cases being documented as no light perception (NPL).
The mean IMD score for the English children (n ¼ 231) was 45.1 (SD 22.9)Fthe higher the IMD score, the more deprived the area. The score for the entire North West region was 28.5 (SD 19.2, n ¼ 4460), meaning that our English population has a significantly higher deprivation (Table 4) . Seven cases (2.7%) were deemed entirely avoidable; two cases each of amblyopia, retinopathy of prematurity (ROP), and trauma, with a single case of non-accidental injury. Sixtyone cases were deemed treatable in some manner. In nine cases a unifying, underlying diagnosis was never found so these have been separated out.
Conclusions
This is the largest longitudinal study detailing vision impairment registration rates in children in the UK. The report by the BCVISG 2 details, in great depth, a snapshot of rates of visual impairment in 2000, but we aim to add to this body of knowledge by reporting the rates of registration over a period of time relatively consistently. There are always limitations when reporting visual impairment rates gained from registration forms of any type, but we feel that we have minimised these as far as possible for the reasons stated above. All cases registered for children aged between 0 and 16 have been included and all notes have been analysed, giving a good insight into the trends of reporting over 10 years at our institution.
Our findings agree with the accepted fact of CVI/OA being the most common cause for visual loss in children in the developed world. The most recent survey of blind registration in the UK as a whole found that CVI/Optic nerve disorders were by far the most common underlying pathologies in the 0-15 age group, with 41.2% of registrations being attributed to this.
14 This is remarkably similar to our figure of 43.0%. The BCVISG report found CVI alone was the main cause of visual impairment in 48% of children. 2 However, if we take the causes of vision impairment according to anatomical location, we find that retinal pathology accounts for the highest proportion (30.9%) which, again, is in direct agreement with all literature published earlier. Retinal pathology encompasses two relatively large areas of childhood visual problems (retinal dystrophies and albinism) accounting for the large numbers.
The numbers of children registered each year do seem to be increasing as can be seen in Figure 2 . Analysis of this is difficult because of the numbers of registrations each year being relatively small with the trend probably being artifactual because of the much lower number of registrations in 1997. It is well reported that childhood blindness is directly correlated with survival and if this trend does prove to be true, it may be because of improvements in paediatric care as a wholeFalthough one would probably expect the numbers of CVI/OA cases to also increase.
We found that the vast majority of cases (94.1%) were of a White, British extraction. This is in disagreement with the BCVISG report, which found a higher proportion of registered children being from an ethnic background. This may be explained as, according to the 2001 Census, Merseyside having a higher proportion of White, British population (95.3%) than do England and Wales (91.3%). 15 Although we are a tertiary referral centre and take patients from outside the Mersey area, the majority of our patients are from MerseysideF184 of the 256 cases in our study. The difference in ethnicity can be attributed to the selection bias of a restricted population.
It has been widely reported that visual impairment is more common in those areas of higher deprivation and we confirm that for our study, with the added finding relating to our area of practice. We felt that comparisons of our study population to that of England as a whole would be inappropriate and a more accurate picture would be gained by comparison with the hospital catchment area. All of our English children came from the North West area so we believe that the approach used is valid. Those patients registered as sight impaired in England have a statistically significant higher chance of coming from a more deprived area. For our Welsh patients, when compared with those in Wales as a whole, there was no significant difference in deprivation index; this may be because of the numbers included (24) being too few for meaningful statistical analysis.
We found the average age of registration to be just over 6 years of age (76 months), which may seem to be surprisingly high. However, only a minority of children were born with a condition that can be instantly recognised as giving the child a definite poor prospect of vision. What is important is that the visual impairment was formally recognised at a time that would enable the proper services to be implemented to help the child fulfil his/her educational potential. When taking the step of registering a child as sight impaired, one must balance difficult subjects of; labelling the child, being realistic about the child's visual potential, allowing visual development to happen, allowing the child's parents to come to terms with the diagnosis and future ramifications, and enabling the correct services to be implemented at an opportune time. This combination is one that should be treated with caution in order to maintain a good working relationship with the parents and, as such, should not be rushed, even when clinical judgement may suggest that a baby will have extremely poor visual development. However, in the UK, formal recognition of poor visual function can aid the family in setting in place social service provision for family care, financial support, education, and so-called 'statementing', and this is often prompts the start of the registration process. If clinicians pre-empt this in children in whom the prospect of visual recovery is nil, then the entire process may be made slightly easier on these vulnerable families.
A significant proportion of our cases did fall into our classification of modifiableF26.6%. However, the vast majority of these cases are classified as treatable and nonpreventable. We deemed only seven cases (2.7%) to be preventable. This is in close agreement with the BCVISG study, which, if autosomal dominant diseases are discountedFas in our studyFfound 6% of childhood blindness being because of preventable causes. We report that 23.8% of our cases were potentially treatable, which is higher than reported elsewhere earlier. This may be because we have included brain tumours causing CVI/OA as potentially treatable. Our rationale for this was that early diagnosis of such lesions may have led to less morbidity after any treatment. In nine cases, no underlying diagnosis was found after extensive investigation by ourselves and the paediatricians. Seven of these cases had significant other neurological abnormalities and were registered as having CVIFthese have been separated out from the analysis. However, it is safe to assume that these cases were unavoidable if no diagnosis was found after confirmation of profound visual loss.
In the developing world, the main pathology leading to blindness is corneal scarring as a result of either vitamin A deficiency, measles infection, ophthalmia neonatorum, or harmful traditional remedies. 11 There were no such cases in our cohort, so comparisons with the situation in the developing world would be impossible and worthless. Even so, we have shown that avoidable visual impairment does occur in the developed world, perhaps on a more subtle scale than elsewhere. We only found two cases of ROP in our cohort, which is much less than expected. This is likely to be because of the unusual situation in our area where the ROP screening, subsequent care, and any registration is done by a medical retina specialist outside of the paediatric service. However, the rates of blindness owing to ROP are falling in the developed world because of the success of the screening protocols. ROP is now becoming an important, avoidable cause of blindness in middle income countries owing to improvements in perinatal medicine. 16 This is the largest longitudinal study detailing vision impairment registration rates in children in the UK. We report that there may be a subtle upward trend in registration numbers over the 10-year period. We have shown that the most common primary diagnosis is cortical visual impairment/optic atrophy, but pathology affecting the retina is the most common anatomical site leading to vision loss. Patients are being registered at an opportune time, balancing the child's needs, the scope for visual improvement, and diagnosis confirmation. Patients who are registered tend to be from more deprived areas and, in our region, are more likely to be from a White, English background. Over a quarter of all registrations are because of causes that are modifiable and as a medical community we must strive to reduce this number, as the remaining children have visual loss not amenable to intervention with current medical practices.
